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(57) The object of the present invention e to provide 
a phosphor ink applying device that can apply phosphor 
ink In a plurality of lines to an intricately-shaped surface 
of a back panel of a PDF while preventing phosphor 
colors mixing. 

A valve la provided for the aperture of each no2zle 
of the phosphor Ink applying device and the opening and 
closing of each vah/e is controlled according to the 
shape of the portion of the surface to which ink is to be 
applied. 

In this way, mixing of colors can be prevented on an 
Intricatety-shaped back panel such as that with auxiliary 
barrier ribs. 
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Description 

Technical Field 

[0001 ] The present Invention relates to a color display 
device used In televisions or computers for Image dis- 
play, and in particular a plasma display panel having 
phosphorfilms, a method of manufacturing therefor, and 
a phosphor Ink applying device for use when applying 
the phosphor film. 

Background Art 

[0002] Among various types of color display devices 
used for displaying images on computers or televisions. 
Plasma Display Panels (PDPs) have become a focus of 
attention as color display devices that enable large-size, 
slbnllne panels to be produced. 
[0003] PDPs display in full color according to an ad- 
ditive process of the so-called three primary colors (red, 
green, and blue). In order to perfomi this full color dis- 
play, a PDP Is composed of stripe-shaped barrier ribs 
interposed between a front panel and a back panel .and 
a phosphor film between each barrier rib that emits light 
in one of the colors red (R), green (G). and blue (B). 
Images are displayed by phosphor particles which form 
the phosphor film being excited by ultra violet rays gen- 
erated In discharge cells of the PDP. This produces vis- 
ible light in the colors. 

[0004] Japanese Laid Open Patent Application 
HI 0-27543 discloses a method for forming such phos- 
phorfiim. in this method, a phosphor Ink applying devtee 
Is used, and Ink Is continuously discharged from a plu- 
rality of nozzle apertures which are provided In a row 
with a distance therebetween of three times the pitch 
between each barrier rib. By moving the nozzle over the 
PDP platfonn. a plurality of lines of phosphor are applied 
simultaneously to the grooves between the barrier ribs. 
[0005] According to this method, phosphor Ink Is con- 
tinuously applied to the grooves, resulting In phosphor 
particles being formed evenly in the lines. Furthermore, 
applying a plurality of lines simultaneously means that 
not only can variations between the annount of Ink ap- 
plied to each line be controlled, but also that the amount 
of time required to apply the phosphor Is reduced and 
work efndency Is Improved. 

Technical Problem 

[0006] In recent years techniques have been devel- 
oped to Improve brightness of PDPs k}y making the bar- 
rier ribs meandering rather than straight lines, or by pro- 
viding auxiliary barrier ribs at predetermined inten^als In 
the grooves between the barrier ribs (for example, see 
Japanese Lald-Open Patent Application H1 0-321 148). 
Here, the auxiliary barrier ribs are lower than the barrier 
ribs. 

[0007] FIG. 9 Is a perspective view of barrier ribs and 



auxiliary banler ribs. As shown In this figure, barrier ribs 
1a. 1b, and 1c are formed in striped shapes with inter- 
vals therebetween, and auxiliary barrier ribs 2a and 2b, 
and 2c and 2d are fonried in the grooves in the Intervals 
5 between the barrier ribs la and lb. and 1b and 1c re- 
spectively. Discharge spaces 3a and 3b are fomried In 
the spaces between each bamer rib and auxiliary barrier 
rib. 

[0006] Taking the discharge space 3a as an example, 

10 phosphor film Is fomned on side walls 4 and 5 {the side 
wall 5 is not visible In the diagram) of the auxiliary barrier 
ribs 2a and 2b , respectively. As a result, the light emitting 
area Is larger than when auxiliary barrier ribs are not 
provided, because of the extra area of the sMe walls. 

t5 meaning that the brightness of the PDP is improved. 
[0OO9] However, when phosphor ink Is applied to a 
back panel whbh has such auxiliary ban^ler ribs using 
the conventional phosphor Ink appilcatton described 
eariier, the phosphor Ink discharged through the nozzle 

^ apertures is applied successively parallel to the barrier 
ribs by moving the PDP In relation to the phosphor ink 
applying device. IHowever, this gives rise to a problem 
in which, for instance, ink applied to the top portion 6 of 
the auxiliary barrier rib 2a flows over the barrier ribs 1 a 
and lb into the adjacent discharge spaces which emit 
light of a different color, causing the colors to mix. This 
problem can also occur in portions between banler ribs 
where the gap is narrow in back panels which have me- 
andering banler ribs. A PDP cannot periomi full color 

30 display If such color mixing occurs. 

DIsdOBure o1 the Invention 

[0010] In view of the above-described problem, the 
35 object of the present Invention Is to provide a phosphor 
Ink applying device and a method for manufacturing a 
PDP for applying phosphor Ink in a plurality of lines to 
an intrteatety-shaped surface of a back panel of a PDP 
while preventing phosphor colors mixing, and a PDP 
^ formed using the phosphor Ink applying device and the 
method of manufacturing. 

[001 1] In order to achieve the object, the present in- 
vention is a phosphor Ink applying device for applying 
phosphor Ink in a plurality of parallel line-shapes to a 

^9 surface of a work according to movement in relation to 
the woric. including a plurality of tanks for storing fed-ln 
phosphor Ink, a plurality of nozzle members, each noz- 
zle member having one nozzle aperture which Is linked 
to a storage chamber of one of the tanks, a moving unit 

so for moving the nozzle members in relation to the sur- 
face, a pressuring unit for applying pressure to the phos- 
phor Ink stored in the tanks so as to discharge the phos- 
phor Ink through the nozzle apertures, and a control unit 
for individually contnoiling a discharge quantity of phos- 

55 phor ink discharged through each nozzle aperture, ac- 
cording to a shape of a portion of the surface to which 
the phosphor Ink Is to be applied. 
[0012] According to this structure the discharge quan- 
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tity of phosphor Ink which each nozzle aperture dis- 
charges can be controlled individually, even when the 
portion to which phosphor Ink is to be applied is intri- 
cately-shaped, therefore phosphor Ink can be applied in 
a plurality of llne-shapee simultaneously. This means 
that when phosphor Ink Is applied to a substrate of a 
plasma display panel which has auxiliary barrier ribs, the 
amount of ink which Is applied to the top of the auxiliary 
banlar ribs can be controlled to be less than that applied 
to other places. As a result, color mixing due to phosphor 
ink flowing over barrier ribs can be prevented. Further- 
more, the discharge quantity from each nozzle can be 
controlled, so phosphor ink is only applied where nec- 
essary, even If the positions of the nozzles are mis- 
aligned in the movement direction relative to the sur- 
face. In other words, there Is much freedom in the posl- 
ttonlng of the nozzles. 

[0013] Furthermore, if each nozzle nnember Includes 
a discharge quantity varying unit for varying the dis- 
charge quantity through each nozzle aperture, and the 
control unit controls the discharge quantity of the phos- 
phor Ink through each nozzle aperture according to the 
shape of the portion of the surface to which the phosphor 
ink is to be applied by driving each discharge quantity 
varying unit Individually, an appropriate quantity of phos- 
phor Ink can be applied where necessary even to an In- 
tricatety-shaped surface. 

[0014] Furthermore, the pressuring unit may include 
an applied pressure varying unit for each tank for vary- 
ing the pressure applied to the phosphor Ink, and the 
control unit may control the discharge quantity of the 
phosphor Ink through each nozzle aperture according 
to the shape of the portion of the surface to which the 
phosphor Ink Is to be applied, by driving each applied 
pressure varying unit Indh^ldually. 
[0015] Furthermore, the phosphor Ink applying device 
of the present Invention is for applying phosphor ink in 
a plurality of parallel line-shapes to a surface of a work. 
Including one or more tanks for storing fed-ln phosphor 
Ink, a plurality of nozzle members, each nozzle member 
having one nozzle aperture linked to a storage chamber 
of one of the tanks, a moving unit for moving the nozzle 
members in relation to the surface, a pressuring unit for 
applying pressure to the phosphor ink stored in the tanks 
so as to discharge the phosphor Ink through the nozzle 
apertures, a discharge quantity varying unit being pro- 
vided for each nozzle aperture and varying a discharge 
quantity of phosphor Ink to wtilch pressure Is applied, 
and the control unit controlling the discharge quantity of 
the phosphor ink through each nozzle aperture accord- 
ing to the shape of the portion of the surface to whfch 
the phosphor Ink Is to be applied, by driving each dis- 
charge quantity varying unit Individually. 
[0016] According to this structure, when phosphor Ink 
is applied to a substrate of a plasma display panel in the 
same manner as described above, mixing of colors can 
be prevented. In acMltlon, a plurality of nozzle apertures 
are provided for one tank, meaning that the number of 



tanks can be reduced and the phosphor Ink applying ap- 
paratus can be made compactly. 
[0017] Here, if the nozzles are positioned misaligned 
In the direction of relative movement, phosphor Ink can 

5 be applied with the distance between adjacent tine- 
shaped phosphor ink shortened. 
[001 a] Furthermore, the discharge quantity varying 
unit can be used as a flow path resistance unit for var- 
ying the discharge quantity by varying the flow path re- 

10 sistance of the phosphor Ink through the nozzles. Spe- 
cifk^ally, a vah/e can be used as the discharge quantity 
varying unit. 

[0019] A specif k: example of the object to which phos- 
phor Ink Is applied Is a substrate for a plasma display 
1^ panel. 

I0O20] Furthermore, the moving unit includes a slMe- 
able table for canying a substrate of a plasma display 
panel that has the barrier ribs provided In a row, and 
each nozzle Is provided above the grooves fomned be- 

^ tween the ban^ier ribs of the substrate for the plasma 
display panel carried by the moving table. Therefore, 
phosphor Ink can be applied In the grooves of the sub- 
strate can'led i>y the table, in parallel, in accordance with 
the movement of the moving table. 

^5 0)021] . Furthermore, he method of the present inven- 
tion for manufacturing a plasma display panel, is a meth- 
od including an Ink application process for applying to a 
substrate for a plasma display panel which has (a)ap]u- 
raltty of first barrier ribs provided so grooves are fomned 

30 therebetween, and(b) second barrier ribs which are pro- 
vided at a predetermined interval in the grooves and 
which have a height lower than the first barrier ribs, 
phosphor Ink in a line shape parallel to the first barrier 
ribs In each groove successh/ely, and including, In the 

35 Ink application p rocess, the quantity of phosphor Ink ap- 
plied to walls of the second barrier ribs t>elng less that 
the quantity of phosphor ink applied to areas between 
the second barrier ribs. According to this structure, flow 
of the phosphor inkapplled to the gaps between the sec- 

^ ond barrier ribs over the first barrier ribs can be sup- 
pressed, meaning that color mixing onthesulDStratecan 
be suppressed. 

[0022] Furthermore, the plasma display panel of the 
present invention is formed with a substrate whtoh has 

^5 (a) aplurallty of firstbarrierribs provided so grooves are 
fomned therebetween, (b) second barrier ribs which are 
provided at a predetermined Interval In the grooves and 
which have a height k>werthan the first barrier ribs, and 
(c) line-shaped phosphor film parallel to the first barrier 

so ribs formed in each groove successively, and the phos- 
phor film Is applied more thinly to a top portion of the 
second barrier ribs than to the areas therebetween. 
Color mixing during driving display can be suppressed 
In such a plasnna display panel. 

55 
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Brief Description of the Drawings 
[0023] 

FiG. 1 is a plan view of a PDP from which a front 5 
glass sulsstrate has been removed; 
FIG. 2 is a partial perspective and sectional view of 
the PDP; 

FIG. 3 is a partial perspective and sectional view of 
the PDP to show the structure of the barrier ribs and 
the auxiliary ban-ier ribs; 

FIG. 4 Is a perspective view of the phosphor Inic ap- 
plying device; 

FIG. 5 Is a front view of a phosphor Ink discharge 
device; 

FIG. 6 Is a time chart showing the control method 
of an ink discharge quantity of the phosphor Ink dis- 
charge device; 

FIG. 7 is an outline view showing the arrangement 
of the Ink discharge devices in a varlatbn ot the first 
embodiment; 

FiG. 8 Is a partial perspective and sectional view ot 
the structure of the nozzle member of the phosphor 
Ink discharge device of the second embodiment; 
and 

FiG. 9 Is a partial perspective and sectional view of 
barrier ribs and auxiliary barrier ribs of a PDP. 

Rest Mode for Canying Out the invention 

(First Embodiment) 

[0024] The following explains an embodiment of a 
phosphor Ink applying device to which the present in- 
vention Is applied, with reference to the drawings. 

<Structure of a PDP> 

[0025] The following explains the structure of a PDP 
1 00, during the manufacturing of which phosphor Ink Is 
applied by a phosphor ink applying device. 
[0026] FiG. 1 Is a plan view ot a the PDP 100 from 
which a front glass substrate 1 01 has been removed, 
while FIG. 2 is a partial perspective and sectional view 
of the PDP 100. Note that In FIG. 1 some display elec- 
trodes 103, display scan electrodes 104. and address 
electrodes 107 are omitted for simplicity's sake. The 
constmction of the PDP 100 is explained using these 
diagrams. 

[0027] in FIG. 1 . the PDP 1 00 is made up ot a front 
glass sulsstrate 101 (not Illustrated), a back glass sub- 
strate 102, N display electrodes 103, N display scan 
electrodes 1 04 (please note that a number is extra to 'N' 
to express the 'Nth' electrode), M address electrodes 
1 07 (please note that a number Is extra to *M' to express 
the *Mth' electrode), and a hermetic sealing layer 121 
which is shown by diagonal lines. The electrodes 103, 
104. and 107 together form a matrix of a three-electrode 



structure. The areas where the display scan electrodes 
104 intersect with the address electrodes 107 are ceils. 
[0028] In the PDP 100, as shown in FIG. 2. a front 
l^anel and a back panel are placed parallel to each other 
with a gap therebetween. The front panel Is composed 
of a front glass substrate 101 on whk:h the display elec- 
trodes 103. the display scan electrodes 104. a dielectric 
glass layer 105, and an MgO protective layer 106 are 
arranged on one main surTace. The back panel Is com- 
posed of a back glass substrate 102 on which the ad- 
dress electrodes 107. a dielectric layer 108, barrier ribs 
109, auxiliary barrier ribs 111, and phosphor films 11 OR, 
G, and B are arranged on a main surface. The gap be- 
tween the panels Is divided by stripe-shaped barrier ribs 
109, and gaps between the barrier ribs are further divid- 
ed by trapezoid auxiliary barrier ribs 111 which are 
formed in the groove between each barrier rib 109. In 
the groove between each barrier rib 109. a discharge 
space 122 which includes the wall surlacss of the aux- 
iliary barrier ribs 111 and in which red, green, and blue 
phosphor film Is formed, and discharge gas Is sealed 
therein. 

[0029] FIG. 3 is a partial perspective and sectional 
view of a PDP from which the front panel has been re- 
moved to show the structure of the barrier ribs 1 09 and 
the auxiliary barrier ribs 111 . As shown Intheflgure, dis- 
charge ceils 122 are fonned between the adjacent 
stripe-shaped barrier ribs 109 and the auxlllaiy barrier 
ribs 111 therebetween. These areas are unit ceils, and 
each cell is separated. 

[0030] The auxiliary ban^ler ribs 111 are formed so as 
to have a height Hh from the back glass substrate 1 02 
(Including the dieiectrk; layer 108) that is lower than a 
height l-ts of the banler ribs 1 09 from the back glass sub- 
strate 102. A phosphor film Is also formed on the top 
portion 111a and the side surface portion 111b of each 
auxiliary ban^ier rib 111. As a result, the light emitting 
area is larger than when auxiliary barrier ribs are not 
provided, because of the extra area of the side walls, 
meaning that the brightness of the PDP 100 Is superior 
to a PDP which does not have auxiliary barrier ribs. 
[0031] The PDP 1 00 is connected to and driven by a 
PDP driving device which is not illustrated. When the 
PDP 100 is being driven, a driver circuit, a display scan 
drh^er circuit, and an address driver circuit which are not 
illustrated are connected. In orderto illuminate the PDP 
100, pulse voltage is applied to the display scan elec- 
trodes 104 and the address electrodes 107, and after 
address discharge is performed therebetween, pulse 
voltage is applied between the display scan electrodes 
104 and sustained discharge is periormed. According 
to the sustained discharge, ultra-violet rays are gener- 
ated In the appropriate ceils, and the phosphor particles 
excited by these ultra-violet rays emit light. This causes 
the cell to be illuminated, and images are displayed by 
combinations of each ceil either being illuminated or not 
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<Methocl for manufacturing the PDP 100> 

[0032] Next, a method for manufacturing the above- 
described PDP 1 00 will be explained with reference to 
FIG. 1 and FIG. 2. 

1 . Manufacturing of the front panel 

[0033] The front panel Is nnanufactured by first form- 
ing n display electrodes 103 emd display scan electrodes 
1 04 (In FIG. 2 only two of each are shown) alternatively 
so as to be parallel In stripe shapes, covering the result 
with a dielectric glass layer 1 04. and then fomning an 
MgO protective layer 1 06. 

[0034] The display electrodes 103 and the display 
scan electrodes 1 04 are made of silver, and are formed 
by applying electrode silver paste by screen printing and 
then firing the result. 

[0035] The dielectric layer 1 05 is made to a predeter- 
mined thicltness (approximately 20^m) by applying a 
paste which includes lead glass by screen printing, then 
baking the result for a predetermined amount of time at 
a predetermined temperature (for example, 20 minutes 
at 560** C). As an example of the paste which Includes 
lead, a mixture of, for instance, PbO (70wt%}, B2O3 
(15wt%), SIOs (10wt%), AlsOa (5wt%), and an organic 
binder (10% of ethyl cellulose dissolved In a-terplneol) 
Is used. The organic binder is a sulsstance obtained by 
dissolving a resin In an organic solvent. A resin such as 
an acrylic resin and an organic solvent such as butyl car- 
bitol may be used Instead of etyle cellulose anda-terpi- 
neol. Also, a dispersant (for example glycertrioleate) 
may be mixed into the organic binder. 
[0036] The MgO protective layer 106 is made from 
magnesium oxide (MgO), and is fonned to a predeter- 
mined thickness (approximately O.SjLm) by, for Instance, 
sputtering, or CVD (chemical-vapor deposition). 

2. Manufacturing of the back panel 

[0037] First, a silver paste Is sgsplled to the surface of 
the back glass substrate 102 by screen printing, and 
then the result Is fired to fomn the m address electrodes 
1 07 In alignment. Then, a paste containing lead glass is 
applied to the surface of the back glass substrate 102 
to fonn the dielectric layer 1 08. Next, a paste containing 
the same kind of lead glass substance Is repeatedly ap- 
plied In a predetermined pitch to the surface of the die- 
lectric layer 1 08 by screen printing, and the result is fired 
to form the barrier ribs 1 09 and the auxiliary barrier ribs 
111. 

[0038] Once the barrier ribs 1 09 and the auxiliary bar- 
rier ribs 111 have been formed, each color of phosphor 
ink is applied by a phosphor Ink applying device (ex- 
plained later) as the green phosphor ink in FIG. 3 is ap- 
plied In a direction of an arrow A in a predetennined cell. 
The phosphor Ink Is a paste adjusted to an appropriate 
viscosity (for example, 0.1 to 100 Pa s (100 to 100000 



CP)) and Is composed from red (R). green (G), or blue 
(B) phosphor partk:les. an organic binder, a dispersant, 
a solvent, and so on. The phosphor particles can be 
those used generally in PDP phosphor films. 
9 10099] The following Is a specific example: 

Red phosphor: (YxGdi,x)B03:Eu^ orYBOgiEu^ 
Green phosphor BaAii20i9:Mn orZn2SI04:Mn 
Blue phosphor: BaMgALio0^7:Eu2+ 

10 

[0040] Phosphor Ink which uses this kind of phosphor 
particles Is applied to the top portions and the side wall 
portions of the auxiliary ban^ier ribs 11 1 , but the amount 
of Ink applied to these portions is set according to an 

IS application method, which will be described later, to be 
relatively less than that applied to other portions. This 
prevents mixing of inks of different color cells. 
[0041] Next, the result Is fired at 400 to 590« C, and 
the organic binder Is bumt away, resulting in the phoshor 

^ particles being fixed to the substrate and the phosphor 
films 110R, 11 OG, and 1 1 0B being fomied. 

3. Manufacturing of the PDP by sealing the panels 
together 

25 

[0042] The front panel and back panel manufactured 
as described above are laminated so that the electrodes 
of the front panel intersect at right angles with the ad- 
dress electrodes of the back panel. Sealing glass is In- 

30 terposed between the front and back panels along their 
edges, and the result is fired at a temperature of around 
460° C for 1 0 to 20 minutes to form the airtight hemnetic 
sealing layer 121 (FIG. 1). As a result, the front and back 
panels are sealed together Once the inside of the dis- 

S5 charge spaces 1 22 has been exhausted to form a high 
vacuum (for exannple, 1 .1 xl O^^Pa), adischarge gas (for 
example and inert gas of IHe-Xe or Ne-Xe) is enclosed 
In the discharge spaces 122 at a certain pressure. This 
completes the PDP 100. 

40 

<Structure of the phosphor ink applying device> 

[0043] Next, the phosphor ink applying device used 
when applying phosphor paste to the back panel will be 

^9 explained. 

[0044] FIG. 4 is aperspective view of the overall struc- 
ture of a phosphor ink applying device 10. Please note 
that the angles at which phosphor ink discharge devices 
721 a. b, and c are arranged along the y-axls are exag- 

so gerated to aid understanding. 

[0045] As shown in the drawing, the phosphor appli- 
cation device 1 0 Is composed of a moving table unit 30 
which moves over a base 20, an Ink discharging unit 70 
which is fixed by a discharge device moving unit 60, and 

S5 a controller 90. The phosphor application device 10 ap- 
plies Ink which is discharged by the ink discharging unit 
70 by moving the moving table unit 30 at a constant 
speed over the PDP back panel. 
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<Mov]ng table unit 30> 

[0046] The moving table unit 30 carries the back panel 
P on which barrier ribs and auxiliary barrier ribs are 
fonned ifThese barrier ribs and auxiliary ribs are not II- s 
lustrated in FIG. 4, however, the barrier ribs 109 are 
f omied in an along the y-axis.), and holds the back panel 
P moveably along the y-axIs for applying the phosphor. 
The moving table unit 30 Is composed of a base 300, a 
platform 320 and a driver 340. 

[0047] The base 300 has opposing rails 301, and Is 
positioned so as to move along the y-axls. The rails 301 
rit together with guides 322 ot the platform 320 to hold 
the platfonn 320 slldeably along the y-axls . 
[0048] The platfonn 320 cariies the back panel P, and 
Is composed of a movlngtable 321 , and guides 322. The 
moving table 321 Is a flat plate. The guides 322 have C- 
channel-shaped cross sections, and are provided on ei- 
ther side of the moving table 321 along the x-axis. The 
platform 320 slides back and forth along the y-axls ac- 
cording to the working of the belt of the driver by being 
partly linked to the belt. 

[0049] The driver 340 is composed of pulleys 341 , a 
belt 342, and a driving motor 343. The belt 342 Is strung 
around the opposing pulleys 341 (only one of which Is 
visible in the figure), and at least one of the pulleys Is 
rotatabiy supported by the drhring motor 343. A pulse 
motor Is an example of the type of motor used. The plat- 
form 320, which is linked to the belt 342, moves back 
and forth along the y-axls according to the rotations of 
the motor being precisely controlled. 

<Di5charge device moving unit 50> 

[0050] The discharge device moving unit 50 holds the 
Ink discharging unit 70 to be moveable back and forth 
along the x-axis. and is composed of a supporter 500 
and a discharge devtee driving unit 520. 
[0051] The supporter 500 is composed of a support 
base 501 , and a discharge unit supporter 502. The sup- 
port base 501 fixes the discharge unit supporter 502 and 
is Itself fixed to the base 20. The discharge unit support- 
er 502 Is a guide whteh has a C-channel-shaped cross 
section and the hollow thereof and the support base 701 
of the Ink discharging unit 70 fit together to hold the Ink 
discharging unit 70 to be moveable back and forth along 
the X-axis . 

[0052] The discharge device driving unit 520 holds the 
ink discharge unit 70 to be moveable back and forth in 
the X-axis, and is composed of a rotating rod 521 . a hold- 
er 522, pulleys 523 and 524, a belt 525, and a driving 
motor 526. The rotating rod 521 is provided with a screw 
groove. The holder 522 holds the rotation rod 521 rotat- 
abiy. The pulleys 523 and 534 are provided at one end 
of the rotating rod 521 and on the rotating axis of the 
driving motor 526, respecth^ely, to transfer rotation. The 
driving motor 526 drives the pulley 524, and the belt 525 
which is strung between the pulleys 523 and 524. 



[0053] The rotating rod 521 is rotated via the pulley 
524, the belt 525, and the pulley 523 according to the 
driving of the driving motor 526. The male groove of the 
revolving rod 521 screws together with a female thread 
portion (not Illustrated) provided on the supporter 701 , 
and screwing action which occurs due to the revolutions 
of the driving motor 526 allows mobility of the ink dis- 
charging unit 70 back and forth along the x-axis. IHere, 
when the driving of the driving source of the driving mo- 
tor 526 can be accurately controlled, such as with a 
pulse motor, the position of the driving source on the x* 
axis can be measured from the driving amount, by pro- 
viding a basic position sensor such as a optical position 
sensor (for example a CCD camera), which detects 
when the motor passes a bas\c posltton on the x-axis. 

<ink discharge unit 70> 

[0054] The Ink discharge unit 70 discharges phosphor 
Ink between each barrier rib 109 of the back panel P, 
and Is composed of a supporter 700 and an Ink dis- 
charge device 720. 

[0055] The supporter 700 is composed of support 
bases 701 and 702. The support base 701 supports the 
ink discharge unit 70 overall, while the support base 702 
is fixed by the support base 701 and supports the ink 
discharge device 720. 

[0056] The support base 701 is a fiat plate which has 
a protruding portion 703 on one end. The protruding por- 
tion 703 fits together with the discharge unit supporter 
502 described earlier, holding the support base 701 
moveably along the x-axIs. 

[0057] The support base 702 is stepped-shaped, hav- 
ing three linked steps, each of which has a different 
length on the y-axis. Each of the steps supports one ot 
the phosphor ink discharge devices 721a, b, and c. Ac- 
cording to this structure, the phosphor ink discharge de- 
vices 721a, b, and c are fixed at a predetemnined angle 
and so as to line up diagonally In relation to the y-axis 
(misaligned in the movement direction of the moving ta- 
ble 321). The distance along the x-axis between the 
phosphor Ink discharged by each phosphor ink dis- 
charge device is thme times the distance between bar- 
rier ribs (about 1 60^ to 360|im). The reason for the dis- 
tance being three times is that the same color of phos- 
phor ink is applied at three times the pitch between the 
barrier ribs. By placing the phosphor discharge devices 
misaligned along the y-axis, the apparaus can be de- 
signed so that the distance between the barrier ribs is 
adjustable and can be set to be closer. 
[0058] The Ink discharge device 720 Is composed of 
phosphor Ink discharge devices 721a, b, and c, a pres- 
suring device 760 for applying pressure to discharge Ink, 
and a delivery pump 770 for delivering phosphor ink to 
the phosphor Ink discharge devices. Phosphor Ink that 
is deih/ered by the delh^eiy pump is stored in the phos- 
phor Ink discharge devices 721a, b, and c, and is forced 
out by pressure from the pressuring device 760. 
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[Q059] Air compressors and so on are used In the 
pressuring device 760 to supply air at a constant pres- 
sure. In addition, a pump such as a plunger punnp or a 
gear pump which can deliver viscous paste Is used as 
the delivery pump 770. 

[0060] Please note that the driving motor 343 of the 
moving table unit 30, the driving motor 526 of the sup- 
porter 500, and a valve driver 754 (which will be ex- 
plained later) of the Ink discharge device 70 are control- 
led by operations of the controller 90. The controller 90 
Is composed of CPU, a memory, and an operator Input 
unit (a l(eyboard for instance), which are not Illustrated. 
Phosphor ink applying operations, which will be ex- 
plained later, are executed based on a control program 
stored In the memory according to the drhring of the driv- 
ing motors 343 and 526, and the vah^e drMng unit 754. 

<Structure of the phosphor In Ic discharge devices 721 a, 
b, and c> 

[0061] The following Is an explanation otthe phosphor 
Ink discharge devices 721a, b, and c which have a struc- 
ture which characterizes the present invention. Please 
note that as each of the devices have the same struc- 
ture, the phosphor ink discharge device 721a will be 
used as an example. 

[0062] FIG. 5 is a front view of the overall structure of 
the phosphor ink discharge device 721 a. In order to ex- 
plain the Internal structure some ordinarily non-visible 
portions are shown by broken lines. 
[0063] In the figure, the phosphor Ink discharge de- 
vice 721a is composed of a lid member 730, a tank 
member 740, and a nozzle member 750. 
[0064] The lid member 730 Is composed of a stainless 
steel plate member 731 , and an induction mouth 732 Is 
provided In the center of the main surface thereof for 
compressed air which is sent from the pressuring device 
760. The phosphor Ink discharge device 721 a Is linked 
the pressuring device 760 by a line L1 which brings the 
compressed alrto the Induction mouth 732. Please note 
that the plate member 731 is sealed and fastened with 
screws by packing, which are not Illustrated. 
[0065] The tank member 740 Is composed of a tank 
741 which is manufactured by grinding processing of 
stainless steel material. An Induction mouth 742 Is pro- 
vided on the top of one side of the tank 741 . The induc- 
tion mouth 742 and the delivery pump 770 are connect- 
ed by a line L2. Phosphor ink that Is sent from the de- 
livery pump 770 is stored in the tank 741 through the 
line L2 which is connected to the induction mouth 742. 
Please note that an outlet 743 is provided at the other 
end of the tank 741. Phosphor ink stored In the tank 741 
Is successively delivered to the nozzle member 750 ac- 
cording to the pressure of the compressed air via the 
outlet 743. 

[0066] The nozzle member 750 discharges, In a pre- 
determined narrowness, phosphor Ink that is sent from 
the tank member 740, and Is composed of a square 



member 751 , a nozzle aperture 752» a valve 753, and 
a valve driver 754. The nozzle aperture 752 Is formed 
In along the z-axis by making an opening through the 
square member 751 . The valve 753 Is provided partway 

5 ak>ng the nozzle aperture 752 and Is for varying the dls- 
chaitie quantity of the phosphor Ink. The vahre driver 
754 drives the opening and closing of the valve 753. 
[0O67] The square member 751 has a space for dis- 
posing the nozzle aperture 752, and the valve 753 part- 

10 way along the nozzle aperture 752. In addition, the valve 
753 is mounted In the square member 751 so as to be 
linked with the nozzle aperiure 751 . 
[0066] The nozzle aperture 752 is a stainless steel 
material (for Instance SUS304) which Is shaved on a 

IS lathe so as to make a cylindrical aperture, and Is sub- 
jected to a mirror surface processing according to elec- 
trolytic polishing so that friction resistance of phosphor 
Ink that flows through Is reduced to a minimum. The di- 
ameter of the nozzle aperiure 752 is normally set at 

^ about 45p. to 1 50^ which is narowerthan the distance 
between banler ribs 109 (approximately 160|i to 
360p.m). 

[0069] The valve 763 uses, for example, a needle 
valve and an air pressure control valve (both manufac- , 
tured by SMC Corporation), and these valves are 
opened and closed by the driving of the valve drhrar 754. 
By controlling the opening and dosing subtly, the flow 
path resistance of the phosphor ink which passes 
through the nozzle aperiure 752 varies, meaning that 

30 the discharge quantity can be controlled. 

[0070] The valve driver 754 controls the valve 753 
subtly to open and close the valve 753. 
[0071] According to the above-described construc- 
tion, pressure is applied by compressed air being pro- 

35 vided through the line L1 to phosphor Ink provided 
through the line L2, the phosphor ink Is discharged 
through the nozzie aperture 751. and the discharge 
quantity can be varied according to the opening and 
closing of the valve. 

40 [0072] Please note that here that lines branch out to 
each of the phosphor Ink discharge devices 721 a, b, and 
c from one pressuring device 760 and one delivery 
pump 770 to supply phosphor ink, but a pressuring de- 
vice 760 and a delivery pump 770 may be provided for 

4^ each of the phosphor ink discharge devices 721 a, b. and 
c. In which case branching out of lines would be unnec- 
essary. 

<Method of applying phosphor ink> 

so 

[0073] Next, a detailed explanation will be given of a 
process of applying phosphor ink to the back panel us- . 
Ing a phosphor Ink applying device having the above- 
described structure. 

55 

1 . Settings of the phosphor ink applying device 
[0074] Retuming to FIG. 4, various settings of the 



7 



13 



EP1 166 407 A1 



14 



phosphor Ink applying device will be described. 
[0075] First, in order to carry the back panel, the driv- 
ing motor 343 is controlled, so that the moving table 321 
Is put In a position in which its end Is aligned with the 
ends of the rails 301 (In a direction towards the front of 
the drawing). 

[0076] Then , the back panel on which bamer ribs 1 09 
and auxiliary barrier ribs 111 have been already formed 
Is mounted horizontally on the moving table 321 so as 
to be In a predetermined position and so that the barrier 
ribs 109 are parallel to the y-axis. The back panel is In- 
dustrially produced and has barrier ribs and auxiliary 
banler ribs formed In predetermined positions, therefore 
It Is considered that when the back panel Is mounted on 
the moving table 321 that there will be barrier ribs and 
auxiliary barrier ribs in the predetermined positions. In 
other words, information about such things as the posl- 
ttona and shapes of the barrier ribs and the auxiliary bar- 
rier ribs is Input beforehand through the operator input 
unit of the controller, so the positions of the barrier ribs 
and auxiliary barrier ribs when on the moving table 321 
are already set 

[0077] Here, the positions of the barrier ribs and aux- 
iliary barrier ribs can measured and revised If the sur- 
face of the back panel is formed having one or more 
positioning marks and the phosphor ink discharge de- 
vice has an optical sensor to detect the marks. Alterna- 
tively, the optical sensor can be made to detect the bar- 
rier ribs and the auxiliary barrier ribs themselves, rather 
than the marks. The optk^al sensor can be, for example, 
a CCD camera or a laser displacement gauge. 
[0078] Next, the discharge quantity from the nozzles 
of the phosphor ink discharge devices 721a, b, and c is 
made to be constant by adjusting the pressure of the 
pressuring device 760 and the quantity delivered by the 
discharge punrp 770, through the operator Input unit. 
Here, there Is a danger that variations will occur in the 
discharge quantity from the phosphor ink discharge de- 
vices dueto errors when the device is started up. in such 
cases, the quantity of phosphor Ink discharged from the 
phosphor ink discharge devices b measured over a set 
period of time and the variations are calibrated by ad- 
Justing the opening and and closing of the valves. 
[0079] Next, the speed conditions of the application 
process, in other words, conditions such as the speed 
atwhichthemoving table 321 moves (the rotating speed 
of the driving motor 343) and the color of the phosphor 
to be applied (between which barrier ribs the phosphor 
will be applied) are set. This completes the various set- 
tings of the phosphor ink applying device. 

2. Beginning appllcatton of phosphor Ink 

[0080] After the various settings of the phosphor ink 
applying device are completed, the operator inputs an 
operation through the operator Input unit to start the 
work, and the application of the phosphor Ink starts au- 
tomatically. 



[0081] FIG. 4 wilt be used In the following explanation. 
The moving table 321 progresses at a fixed speed in an 
Indicated by an arrow B, according to the driving motor 
343 rotating at a fixed speed. Then, when the position 

9 on the back panel where phosphor Ink Is to be applied 
is directly below the nozzle of the phosphor ink dis- 
charge device 721a, the valve 753 of the phosphor in 
discharge device 721a Is opened, and application of 
phosphor ink starts. As the position of the barrier ribs 

10 and auxiliary barrier ribs of the back panel ana Input be- 
forehand, the timing at which the vah^e Is opened can 
be detenTiined by corresponding these positions to the 
position of the moving table 321 (the number of rotations 
of the driving motor 343). 

19 [0082] Application of phosphor ink by the phosphor 
Ink discharge devices 721 b and 721 c begins In the same 
manner. Furthemn ore, the timing of theetart of discharge 
of the phosphor Ink discharge devices 721a, 721b. and 
721c is staggered because of their differing positions 

^ along the y-axis. 

3. Control of phosphor Ink discharge quantity 

[0083] If the set discharge quantity used when appli- 
cation of phosphor ink begins is maintained in the same 
way as described above, there Is a possibility that phos- 
phor Ink applied on the tops of the auxiliary barrier ribs 
may flow over the barrier ribs into adjacent different 
colored cells, and cause mixing of colors. Consequently, 

30 the discharige quantity of phosphor ink controlled. 
[0084] FIG. 6 explains a method of controlling the 
phosphor Ink discharge quantity over time when phos- 
phor Ink is applied In an shown by the arrow A In FIG. 
3. FIG. 6(a) shows the oon^espondence between apptl- 

39 cation time (the distance the back panel moves) and the 
undulations made by the auxiliary barrier ribs 111 In the 
direction of arrow A in FIG. 3. FIG. 6(b) shows the rela- 
tionship between the application time and the discharge 
quantity from the phosphor ink discharge device. 

^ [0085] As shown by the figures, there is no auxiliary 
i:>arrier rib in the area to which phosphor ink is being ap- 
plied during the time to to t1 . in this section the valve 
753 is fully open and a predetemnlned discharge quan- 
tity of phosphor ink Q1 is consistently maintained and 

^9 applied. 

[0O86] Next, during the time t1 to t2, application of 
phosphor Ink to a side wall of the auxiliary banler rib 
begins. At this time, the discharge quantity of phosphor 
ink is gradually reduced to a quantity Q2. 

so [0087] During time t2 to t3, phosphor ink Is applied to 
the top portion of an auxiliary barrier rib. The discharge 
quantity Is already reduced to Q2 at t2, and Q2 consist- 
ently maintained while application takes place. In this 
way, flow into the adjacent cells of phosphor Ink which 

55 has bean applied over the barrier ribs 1 09 is prevented. 
The discharge quantity Q2 is set within a range that will 
not overflow, taking the height Hs of the banler ribs 109 
and the height Hh of the auxiliary barrier rfbs 111 into 
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consldaratlon. 

[0088] Next, phosphor ink Is again applied to a side 
wall of the auxiliary barrier rib during tinne t3 to time t4. 
Here, the discharge quantity Is gradually Increased from 
Q2to Q1.Thlsmean8thatatttmet4thedlschargequan- 9 
tity has returned to Q1 » and phosphor ink can be applied 
consistently maintaining the discharge quantity Q1 to 
the ensuing area in which there is no auxiliary rib. 
[0089] This kind of operation is repeated for areas 
which have barrier ribs from tS onwards, and is finished io 
when phosphor ink has been applied to a length equal 
to that of one barrier rib. When application finishes the 
vah/e 753 Is closed, stopping discharge. By having the 
three phosphor Ink discharge devices 721a, 721 b, and 
721c perform identical operations three lines of phos- ts 
phor Ink can be fomied by scanning once. 
[0090] Next, the moving table 321 Is moved In the op- 
posite direction to arrow B (see FIG. 4) so as to be In 
line with the rails 301 , and the driving motor526 is driven 
and moves the support base 701 along the x-axls a dls- ^ 
tance that is nine times the pitch of each barrier rib 1 09 
(that is, the pitch of neighboring same phosphor colors 
(three times the pitch of the barrier ribs) multiplied by 
the number of phosphor Ink discharge devices (three)). 
[0091] By repeating the above<lescrlbed application ss 
of phosphor Ink, the application of one color of phosphor 
Ink Is completed. Other colors are applied to the back 
panel in the same manner 

[0092] According to the above-described method, 
color mixing that occurs when applied phosphor ink so 
flows over Into adjacent cells can be prevented because 
the discharge quantity of pho^hor ink to auxiliary bar- 
rier ribs is reduced. Furthemiore, as described above, 
by providing a valve In each nozzleaperture of the phos- 
phor Ink discharge devices and a driving device to drive ss 
the valves, It Is possible to control the phosphor Ink dis- 
charge amount by controlling the driving device. There- 
fore, phosphor Ink can be applied without mbcing colors, 
even in a back panel which is Intricately shaped such as 
that having auxiliary ribs, and a plurality of lines of phos- 40 
phor Ink can be applied simultaneously. As a result work 
efficiency is Improved. Furthermore, as described 
above, the placements of the phosphor ink applying de- 
vices 721 a. 721 b. and 721 c are staggered in the y-axis, 
but the discharge timing can be controlled for each noz- ^9 
zle, 80 a result, phosphor Ink can be applied only where 
necessary. 

[0093] Please note that in a POP formed through such 
an application process, phosphor films are formed thinly 
of surfaces of the auxiliary barrier ribs (the tops and side so 
walls), and thickly in other places (the areas between 
auxill ary barrier ribs In the grooves formed by the barrier 
ribs). 

< Variations of the present 6mbodiment> ss 

[0094] The above-described phosphor ink applying 
device Is described as having a group of three Ink dis- 



charge devices. However. If there are as many Ink dis- 
charge devices positioned in a line as there are lines of 
a color to be applied to a PDF. one color can be applied 
by scanning only once, further Improving work efficien- 
cy. 

[0095] FIG. 7 shows an outline of an arrangement of 
ink discharge devices when the phosphor ink applying 
device Is seen along the a z-axis. For example, a plu- 
rality of ink discharge devices 7210 such as that de- 
scribed above may be an-anged In groups of three in an 
x-axIs , such as in FIG. 7(a), or all ink discharge devices 
7211 may be positioned In a row diagonal In relation to 
the y-axis, such as in FIG. 7(b). 
[0096] Furthermore, In the embodiment, an example 
of a back panel which has auxiliary barrier ribs was ex- 
plained, but the phosphor Ink applying device of the 
present Invention can be applied to a back panel which 
does not have auxiliary barrier ribs, but rather has me- 
andering bamer ribs, the distance between which varies 
relatively. In such a back panel, overflow may occur in 
narrow sections between banler ribs if phosphor ink is 
applied at a constant discharge quantity, meaning that 
colors may mix. Such color mixing can be controlled If 
the present invention is used to reduce the discharge 
quantity when the distance between banier ribs is short, 
and Increase the discharge quantity when the distance 
Isetween barrier ribs In long. 

[0097] In the above described embodiment, valves 
are used as the meansforchanging the discharge quan- 
tity of phosphor Ink. However, It is possible to provide a 
device such as a regulator which controls output pres- 
sure, for example partway along the line L2 which Is con- 
nected to each ink discharge device from the pressuring 
device 760 shown in FIG. 5, provide a driving device to 
drive the regulator, and have the driving device control- 
led by the control unit. The result Is that by adjusting the 
output pressure. In other words the pressure applied to 
the Ink discharge devk;es. the discharge quantity from 
each nozzleaperture Is controlled for each Ink discharge 
device, in addition, a heating and cooling device may 
be provided In the nozzle member instead of a valve. 
The temperature oTthe nozzle member varies according 
to the driving of the Ink discharge device, meaning that 
the viscosity of phosphor Ink passing through the nozzle 
aperture also changes, changing the discharge quantity. 

(Second Emlscdiment) 

[0098] Next, a second embodiment of the phosphor 
ink applying device to which the present invention is ap- 
plied will be explained. Pjease note that the phosphor 
ink application device of the present embodiment has 
substantially the same stmcture as that shown In FIG. 
4 and FIG. 5. except for the nozzle member 750 of the 
first embodiment shown in FIG. 5. Therefore, the follow- 
ing will focus on the differences. 
[0099] FIG. 8 is a partial perspective and sectional 
view of the structure of a nozzle member 750 of the 
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phosphor Ink applying device of the second ennbodl- 
ment. 

[0100] As shown in the figure, the nozzle member 780 
Is composed of a lid member 781 , and a discharge mem- 
ber 782, and these two members are aligned and her- 
metically sealed together. The lid member 761 is formed 
of plate-shaped stainless steel, and has an opening in 
the center which Is an Induction mouth 783 for Inducing 
phosphor Ink. 

[01 01 ] The discharge member 782 Is composed of an 
Ink space 784 cut out section in the middle, three nozzle 
apertures 785a, b, and c opened In the bottom of the Ink 
space, valves 786a, b, c partway along the nozzle ap- 
ertures for changing the Ink quantity and driving motors 
787a, b, c for driving the valves. Here, the ink space, the 
nozzle apertures, and the space for storing the valves 
7B6a, b, c are subjected to a mirror surface processing 
according to electrolytic polishing so that friction resist- 
ance of phosphor ink that flows through Is reduced to a 
minimum. 

[0102] A distance W along the x-axIs between the 
nozzle apertures 785a and 785b, and the nozzle aper- 
tures 785b and 785c Is formed to maintain a distance 
which is three times the distance between banler ribs 
on the back panel. By maintaining such a distance, a 
plurality of blue lines for example, can be applied. 
[01 03] The valves 786a, b, and c are driven Independ- 
ently lay the driving motors 787a, b, and c respectively, 
and the driving motors are controlled In the same man- 
ner as those In the first embodiment by the controller. 
Accordingly, as with the first embodiment, a plurality of 
phosphor Inks can be applied In line-shapes and mixing 
of colors can be avoided even in a back panel which Is 
Intricately shaped such as that fonrted by auxiliary bar- 
rier ribs, in addition, a plurality of nozzle apertures are 
provided In one phosphor ink discharge device, there- 
fore a more compact structure can be provided as less 
tanks are required. 

[0104] When a plurality of nozzles are provided In this 
way, however, It Is possible for there to be deviations of 
approximately 5% between the discharge quantities of 
the nozzle apertures, due to the precision of the 
processing of the nozzle aperture. However, as valves 
and driving devices are provided in the second embod- 
iment, It is possible to discover the degree to whteh the 
valves should be open by experiment beforehand so 
that the discharge flow of each nozzle aperture Is even, 
and If the opening of the valves Is controlled so as to 
, correct the deviatk>ns, deviations in discharge flow can 
be prevented. 

[0105] Please note that It is possible to use only one 
of this kind of phosphor ink discharge device, but by pro- 
viding three as in the first embodiment, the number of 
phosphor ink lines that can be formed simultaneously is 
increased while color mixing is prevented, resulting in 
improved work efficiency. 



industrial Application 

[0106] PDPs manufactured according the phosphor 
application device of the present invention are effective 
5 as display devices used In computers and televisions, 
and In particular display devices which demand high 
brightness. 



10 Claima 

1 . A phosphor Ink applying device for applying phos- 
phor Ink in a plurality of parallel line-shapes to a sur- 
face of a work according to movement In relation to 

IS the work, comprising: 

a plurality of tanks for storing fed-ln phosphor 
Ink, 

a plurality of nozzle members, each nozzle 
^ member having one nozzle aperture which is 

linked to a storage chamber of one of the tanks, 
moving means for moving the nozzle members 
in relation to the surface, 
pressuring means for applying pressure to the 
phosphor ink stored in the tanks so as to dis- 
chargethephosphor Inkthrough thenozzleap- 
ertures, and 

control means for Individually controlling a dis- 
charge quantity of phosphor Ink discharged 
30 through each nozzle aperture, according to a 

shape of a portion of the surface to which the 
phosphor ink is to be applied. 

2. The phosphor Ink applying device of Claim 1 

35 

wherein each nozzle member includes a dis- 
charge quantity varying means for varying the 
discharge quantity through each nozzle aper- 
ture, and 

40 the control means controls the discharge quan- 

tity of the phosphor ink through each nozzle ap- 
erture according to the shape of the portion of 
the surface to which the phosphor Ink Is to be 
applied, by driving each discharge quantityvar- 

<9 ying means Individually. 

3. The phosphor Ink applying device of Claim 1 

wherein the pressuring means includes an ap- 
so plied pressure varying means for each tank for 

varying the pressure applied to the phosphor 
Ink, and 

the control means controls the discharge quan- 
tity of the phosphor Ink through each nozzle ap- 
55 arture according to the shape of the portion of 

the surface to which the phosphor Ink Is to be 
applied, by driving each applied pressure var- 
ying means individually. 
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4. A pho^hor Ink applying device for applying phos- 
phor ink In a plurality of parallet lln»-shapas to a sur- 
face of a work, connprising: 

one or more tanks for storing iedAn phosphor 5 
ink. 

a plurality of nozzle members, each nozzle 
member having one nozzle aperture llnKed to 
a storage chamber of one of the tanks, 
moving means for moving the nozzle members io 
In relation to the surface, 
pressuring means tor applying pressure to the 
phosphor Ink stored In the tanks so as to dis- 
charge the phosphor Inkthrough the nozzle ap- 
ertures» f^ 
discharge quantity varying nneans being provid- 
ed for each nozzle aperture and varying a dis- 
charge quantity of phosphor ink to whtoh pres- 
sure is applied, and 

the control means controlling the discharge ^ 
quantity of the phosphor Ink through each noz- 
zle aperture according to the shape of the por- 
tk3n of the surface to which the phosphor ink is 
to be applied, by driving each discharge quan- 
tity varying means indivMuaily. 

5. The phosphor ink discharge device of Claim 1 , 2, 3, 
or 4 

wherein the nozzle members are positioned 
misaligned In the direction of the movement In reia- so 
tion to the surface. 



el, the method Including an Ink application process 
for applying to a substrate for a plasma display pan- 
el which has (a) a plurality of first barrier ribs pro- 
vided so grooves are formed therebetween, and (b) 
second barrier ribs whbh are provided at a prede- 
termined interval in the grooves and which have a 
height lower than the first barrier ribs, phosphor ink 
In a line shape parallel to the first ban'ler ribs In each 
groove successively, the method comprising: 

in the ink application process, the quantity of 
phosphor Ink applied to walls of the second bar- 
rier ribs being less that the quantity o1 phosphor 
Ink applied to areas between the aeoond barrier 
ribs. 

11. A plasma display panel fomfied with a 8uk>atrate 
which has (a) a plurality of first barrier ribs provided 
so grooves are formed therebetween, (b) second 
barter ribs which are provided at a predetermined 
Interval in the grooves and which have a height low- 
er than the first barrier rilDs, and (c) line-shaped 
phosphor film parallel to the first barrier nbs formed 
In each groove successively, comprising: 

the phosphor film being applied more thinly to 
a top portion of the second barrier ribs than to 
the areas therebetween. 



6. The phosphor ink applying devk:e of Claim 2 or 4 
wherein the discharge quantity varying 
means Is a flow path resistance varying means for ss 
varying the discharge quantity by varying the fksw 
path resistance of the phosphor ink to the nozzle 
members. 



7. The phosphor Ink discharge device of Claim 6 

wherein the flow path resistance varying 
means Is a valve. 

8. The phosphor ink discharge device of Claim 1 , 2. 3, 
4,5,6or7 49 

wherein the work to which phosphor ink Is ap- 
plied Is a substrate for use in a plasma display panel 
and has ban-ier ribs provided in a row. 

9. The phosphor ink discharge device of Claim 8 so 

wherein the moving means includes aslldeable 

table for carrying the substrate, and 

the nozzle members are provided so as to be 

above grooves between the barrier ribs of the 55 

sul>strate. 



10. A method for manufacturing a plasma display pan- 
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